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INTRODUCTION
Gamma ray product~on cross sections are presented in this report as a function of 16 neutron lethargy groups and 11 photon energy groups for 13 elements and isotopes. They were computed by Program GAMMA-P1 * and account for the production of gamma rays by neutron radiative capture, neutron inelastic scattering, neutron .induced fissioning, and (n, cr) reactions. The production cross sections are available on IBM decimal cards for use with transport theory Program S-X.
Several assumptions are made in Program GAMMA-P to simplify the numerical calculation of production cross sections. First, separation of variables is assumed so that an y (un, E y) =an y (un)·Sn y (un, E y), ' . ' '
where an, y (un!.. E y) is the cross section for the production of gamma_:ays in g~mma energy group E y by radiative capture of neutrons in lethargy group un, an, y (un) is the cross section for radiative capture of neutrons in lethargy group un, and Sn, y is the gamma spectrum resulting from neutron radiative capture. Similar assumptions are made for other production reactions.
Second, the gamma energy spectrum from thermal neutron capture is normalized to the binding energy of the neutron. All unmeasured gamma energy is assumed to be released in the lowest energy group because, in general, gamma rays with low energy have not been measured. The third assumption is that the gamma energy from radiative neutron capture equals the neutron binding energy plus kinetic energy. Corrections for internal conversion are possible; however, they were not considered in this analysis.
*Superscripts refer to reference list at end of the report.
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DISCUSSION OF PRODUCTION CROSS SECTIONS
The cross sections and spectra 1;1sed in the computation of these production cross sections are discussed in the same format used by M. J. Ferry. 1 As in her compilation, experimental data supplemented by extrapolation when justified by the available data were used.
In all cases, the gamma spectrum from epithermal neutron capture was assumed to have the same shape as that from thermal neutron capture. All references to gamma spectra from radiative neutron capture are for the capture ofthermal neutrons.
No attempt was made to account for all the energy available from inelastic neutron sc~ttering. The upper limit of the gamma energy from inelastic scattering is the kinetic energy of the neutron. However, an appreciable portion of the kinetic energy stays with the scattered neutron. Only experimental data were used for the gamma rays from inelastic scattering. Therefore, these production cross sections underestimate the gamma energy released in inelastic neutron scattering.
Atomic weights needed in binding energy calculations were taken from W. H. Sullivan's ''Trilinear Chart of Nuclides. " 2 The atomic weights for _Mc)101, w181, w185, and Re185 were computed by equation 8 from reference 1. Percentage abundances of each isotope also were taken from Sullivan. Thermal neutron absorption cross sections were obtained from BNL-325.3, 4
BERYLLIUM

Radiative Capture
The energies and intensities of discrete gamma rays were taken from a tabulation by 'J'rnnhP.h>:kny and Goldstein, 5 and the radiative capture cross section was assumed to vary inversely as the,neutron velocity from O'n, y = 0. 010 barns3 at 0. 0253 ev.
Inelastic Scattering
Hall and Bonner6 reported that there are no detectable gamma rays from inelastic scattering in beryllium.
BORON-10
Radiative Capture
The energies and intensities of discrete gamma rays were taken from Troubetzkoy and Goldstein, 5 and the radiative capture cross section was assumed to vary inversely as the .neutro11 velocity from un, y = 0. 5 barns 3 at 0. 0253 ev.
Inelastic Scattering
The cross section for the production of 0. 717 Mev gamma rays by inelastic scattering measured by Day and Walt 7 for 1. 0 s; En s 5. 5 Mev was used. It was extrapolated to 70 mb at En = 6 Mev and assumed constant at 70 mb above 6 Mev.
(n, a) Reaction
It was assumed that each B10 (n, a) u7 reaction was accompanied by a 0. 478 Mev gamma . ray, 8 and it~ ~as assumed that O"n, y equaled O"a from the tabulation ·of Robertson and Benson. 9 
CARBON
Radiative Capture
The energies and intensities of discrete gamma rays were taken from Troubetzkoy and Goldstein, 5 and it was assumed that an, y equaled ua from the tabulation of Robertson and Benson.
Inelastic Scattering
An average un, n' y of 0. 27 barn for 3 to 10 Mev neutrons for the production of 4. 43 Mev gamma rays was determined from data in BNL-325. Data are presented there for 4. 9 ::::: En::::: 9. 2 Mev.
OXYGEN Radiative Capture
The radiative capture cross section of oxygen is less than 0. 2 mb at 0. 0253 ev, 3 and no reference to measured gamma spectra from neutron radiative capture .was found. Therefore, radiative capture was omitted from the gamma production cross sections for oxygen.
Inelastic Scattering
Cross sections for the production of a 6. 1 ·Mev gamma ray and for the production of unseparated 6. 9 and 7. 1 Mev gamma rays were obtained from BNL-325. An average energy of 7. 0 Mev was assumed for the 6. 9 and 7.1 Mev gamma rays.
CHROMIUM
Radiative Capture
The energies and intensities of discrete ga,mma, ,ra,ye were ta.ken from Troubetsky and Goldstein, 5 and it was assumed that un, y equaled ua from the tabulation of Robertson and. Benson.9 Inelastic Scattering
The cross section for the production of the 1. 44 Mev gamma ray by inelastic scattering of neutrons with energies between 1. 4 and 2. 8 Mev was obtained from BNL-325. Data from TramlO were used for the energy :lange 2. 8 to 10 Mev.
lHON Radiative Capture
The energies and intensities of discrete gamma rays were taken from Troubetz:koy and Goldstei9, 5. and it was assumed that un, y equaled ua from the tabulation of Robertson and Benson.
.
Inelastic Scattering
The cross section for the production of 0. 845 Mev gamma rays by inelastic scattering of neutrons in the energy range 1. 4 to 3. 0 Mev was obtained from BNL-325. The cross section was assumed a constant 1. 4 barns above 3 Mev. Cross sections for the production of gamma rays with energies 1. 26, 1. 41, 1. 81, 2. 1, 2. 26, 2. 6, 3. 0, and 3. 3 Mev were obtained directly from or extrapolated from data received from Montague and Paul.11 ... '9 
NICKEL
Radiative Capture
The energies and intensities of discrete gamma rays were taken from Troubetzkoy and Goldstein, 5 and it was assumed that an, y equaled a a from the tabulation of Robertson and Benson.9
Inelastic Scattering
Cross sections for the production of 1. 33 and 1. 47 Mev gamma rays by inelastic scattering were taken from BNL-325 for neutron energies from threshold to 2. 7 Mev. Constant cross sections were extrapolated above 2. 7 Mev.
MOLYBDENUM Radiative Capture
Values of the energy-integrated spectrum of gamma rays from radiative capture were taken '!rom the tabulation of T1·oubetzkoy and Goldstein, 5 and it was assumed that an, y equaled a a from the tabulation of Robertson Data defining the photon spectrum from radiative capture were read at discrete energy points from a curve in the atlas of Groshev, et aLP It was assu~ed that an, y equaled O'a from the tabulation of Robertson and Benson. 9
Inelastic Scattering
The cross section for the production of 0. 137 Mev gamma rays by inelastic scattering was obtained for 0. 3 ::::: En::::: 1. 8 Mev from BNL-325. The cross section was extrapolated at essentially constant value above 1. 8 Mev.
TUNGSTEN Radiative Capture
Data defining the photon spectrum from the radiative capture were read at discrete energy points from a curve in the atlas of Groshev. It was assumed that an, y equalled aa from the tabulation of Robertson and Benson. 9 Inelastic Scattering Spectra calculated by Troubetzkoy14 for the gamma rays from neutron. inelastic scattering in tungsten were used in this analysis. Troubetzkoy' s spectra, at En = 3 and 7 Mev were used for w183, and his spectra for w184 at the same neutron energies were used for all even isotopes. The spectra for En= 3 Mev were used for all neutron energies below 7 Mev, and the spectra for En = 7 Mev were used for all other energies.
The inelastic scattering cross section for 0. 1 ::::: E ::::: 1 Mev was read from a curve published by Howerton.l5 For neutron energies between 1 and 10 Mev, the inelastic scattering cross section was assnmP.rl P.qual to thP. non-elastic scattering cross section, and values were read from a curve in Troubetzkoy's report.14 RHENIUM Radiative Capture · Data defining the photon spectrum from radiative capture were read atdiscrete energy points from a curve in the atlas of Groshev.13 It was assumed that an, y equaled aa, and aa was taken from the.tabulation of Robertson and Benson 9 for neutron energies above 61.44 ev. The absorption cross section for neutron energies below 61.44 ev was obtained from a report by Zwick. 15
Inelastic Scattering
The cross section for the production of 0. 135 Mev gamma rays by inelastic scattering were obtained for 0. 135 :=::; En:=::; 1. 9 Mev from BNL-325. The cross section was extrapolated at a constant 0. 8 barn above 1. 9 Mev.
URANIUM -235
Fission Data compiled by J. G. Carver17 for prompt-plus-delayed gam~a racliation from the fissioning of u235 were used to compute the spectrum for an operating time of 15 minutes. The group-averaged u235 fission cross sections that were used are listed in the Appendix. Although they have been used extensively in NMPO, they have not been documented.
The energy-integrated gamma spectrum from radiative capture was assumed equal to .that tabulated by Carver17 for prompt gamma rays from u235 fission. The radiative capture cross section was assumed equal to the absorption cross section tabulated by Robertson and Benson 9 minus the fission cross section.
Inelastic· Scattering
No inelastic scattering data were found.
URANIUM-238 Fission
The u235 fission gamma spectrum was assumed identical to that used for u235. The group-averaged u238 fission cross sections that were used are listed in the Appendix. Again, these data have not been documented.
Radiative Capture
The energies and intensities of discrete gamma rays were taken from the tabulation of Troubetzkoy and Goldstein. 5 The radiative capture cross section was assumed equal to the absorption cross section tabulated by Robertson and Benson9 minus the fission c:ross section.
Inelastic Scattering
TABULATION OF GAMMA RAY PRODUCTION CROSS SECTIONS
Cross sections for the production of gamma rays by radiative neutron capture, neutron inelastic· scattering, neutron induced fissioning, and (n, a) .reactions are tabulated on the following pages·for 13 elements and isotopes as a function of ascending photon and neutron energies (descending lethargy).
The 16 neutron energy and lethargy groups are given in Table 1 . The 11 photon energy groups are given in Table 2 . .. .z 1-- 
